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NOVEL
SPIRO(ANTHRACENE-9,9’-FLUOREN)-10-ONE
COMPOUND AND ORGANIC
LIGHT-EMITTING DEVICE INCLUDING THE
SAME

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a novel spiro(an-
thracene-9,9'-fluoren)-10-one compound and an organic
light-emitting device including the compound.

[0003] 2. Background Art

[0004] A light-emitting device is a device that includes an
anode, a cathode, and an organic compound layer interposed
between the anode and cathode. Holes and electrons injected
from the respective electrodes of the organic light-emitting
device are recombined in the organic compound layer serving
as an emission layer to generate excitons and light is emitted
as the excitons return to their ground state. Recent years have
seen remarkable advances in the field of organic light-emit-
ting devices. Organic light-emitting devices offer low driving
voltage, various emission wavelengths, rapid response, and
small thickness and are light-weight.

[0005] Organic light-emitting devices that emit phospho-
rescent are a type of organic light-emitting device that
includes an emission layer containing a phosphorescent
material, with triplet excitons contributing to emission. There
is still room for improving the emission efficiency of organic
light-emitting devices that emit phosphorescence.

[0006] PTL 1 discloses an invention related to an organic
light-emitting device. PTL 1 discloses an anthrone (com-
pound a) that is represented by a formula below and serves as
an intermediate for synthesizing anthracene.

[0007] PTL 2 discloses a 10,10-diphenylanthrone deriva-
tive (compound b) represented by a formula below and used
in aholetransport layer of a fluorescent organic light-emitting
device.

1. Technical Field

[Chem. 1]

Compound a
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-continued

Compound b

N N

- ava

[0008] The compounds disclosed in PTL 1 and 2 have an
anthrone skeleton with the 10-position substituted with
hydrogen or two aryl groups. When the 10-position is substi-
tuted with hydrogen, the compound is instable because elimi-
nation of reactive hydrogen occurs and anthracene is formed.
When the 10-position is substituted with two aryl groups, the
stability of the basic skeleton is deteriorated because the two
aryl groups not bonded with each other can rotate separately.
Moreover, both PTL 1 and 2 fail to focus on and utilize the
electron transport property of the anthrone skeleton.

[0009] As for organic light-emitting devices having emis-
sion layers, development of organic compounds for use in
electron transport layers is sought after. In particular, a chemi-
cally stable organic compound that has a lowest unoccupied
molecular orbital (LUMO) level as deep as 2.7 eV or more is
desired.

[0010] As for organic light-emitting devices that contains a
phosphorescent material in emission layers, an organic com-
pound that also has a high T, energy that can be used in such
devices is desired.

CITATION LIST

Patent Literature
[0011] PTL 1 Japanese Patent Laid-Open No. 2002-
338957
[0012] PTL 2 Japanese Patent Laid-Open No. 08-259937

SUMMARY OF INVENTION

Technical Problem

[0013] The present invention provides a spiro(anthracene-

9,9-fluoren)-10-one compound represented by general for-
mula [1] below.



US 2013/0105786 Al
[Chem. 2]
(1
e}
Ary Ary
Arg At

a20

[0014] In formula [1], Ar, and Ar, each independently
denote a hydrogen atom, a phenyl group, a biphenyl group, a
terphenyl group, a dimethylfluorenyl group, a triphenylene
group, a dibenzofuran group, or a dibenzothiophene group.
[0015] One of Ar, and Ar, denotes a hydrogen atom.
[0016] Ar; and Ar, each independently denote a hydrogen
atom, a phenyl group, a biphenyl group, a terphenyl group, a
dimethylfiuorenyl group, a triphenylene group, a dibenzofu-
ran group, or a dibenzothiophene group.

[0017] One of Ar; and Ar, denotes a hydrogen atom.
Advantageous Effects of Invention
[0018] The present invention provides a novel spiro(an-

thracene-9,9-fluoren)-10-one compound having T, energy of
2.3 eV or more and a LUMO level of 2.7 eV or more. An
organic light-emitting device that uses this compound
achieves high emission efficiency and low driving voltage.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG. 1is a cross-sectional view of an organic light-
emitting device and a switching device connected to the
organic light-emitting device.

DESCRIPTION OF EMBODIMENTS

[0020] A spiro(anthracene-9,9'-fluoren)-10-one compound
according to an embodiment of the invention is represented
by general formula [1] below.

[Chem. 3]

o (1
Ary Ary
Ary Pats

[0021] In Formula [1], Ar, and Ar, each independently
denote a hydrogen atom, a phenyl group, a biphenyl group, a
terphenyl group, a dimethylfluorenyl group, a triphenylene
group, a dibenzofuran group, or a dibenzothiophene group.
[0022] One of Ar, and Ar, denotes a hydrogen atom.
[0023] Ar; and Ar, each independently denote a hydrogen
atom, a phenyl group, a biphenyl group, a terphenyl group, a
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dimethylfluorenyl group, a triphenylene group, a dibenzofu-
ran group, or a dibenzothiophene group.

[0024] One of Ar; and Ar, denotes a hydrogen atom.
[0025] In particular, the spiro(anthracene-9,9'-fluoren)-10-
one compound has a structure in which an anthrone ring
having substituents is joined with a fluorene ring through a
spiro carbon. Possible combinations of the substitution posi-
tions on the anthrone ring are as follows:

[0026] (1) Combination of Ar, and Ar; (equivalent to the

combination of Ar, and Ar,)

[0027] (2) Combination of Ar, and Ar,
[0028] (3) Combination of Ar, and Ar;
[0029] All combinations give a compound having T,

energy of 2.3 eV or more and a LUMO level 2.7 eV or
deeper.

[0030] In the spiro(anthracene-9,9'-fluoren)-10-one com-
pound, sites other than those substituted with Ar, to Ar,,, i.e.,
R, to R, in general formula [2] below, may each be substi-
tuted with a hydrogen atom or an alkyl group having 1 to 4
carbon atoms. Examples of the alkyl group having 1 to 4
carbon atoms include a methyl group, an ethyl group, an
n-propyl group, an iso-propyl group, an n-butyl group, an
iso-butyl group, a sec-butyl group, and a tert-butyl group. R,
to R, , are preferably each substituted with a hydrogen since
the synthetic process is easy.

[Chem. 4]

[0031] A novel stable spiro(anthracene-9,9'-fluoren)-10-
one compound described herein reflects the high T, energy
(i.e.,2.86 eV (433 nm)) and the deep LUMO level (2.7 eV or
more) inherent to spiro(anthracene-9,9'-fluoren)-10-one rep-
resented by the following formula:

[Chem. 5]

820
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[0032] An organic light-emitting device that uses this com-
pound achieves high emission efficiency, low driving voltage,
and stability.

[0033] The spiro(anthracene-9,9'-fluoren)-10-one com-
pound and the light-emitting device according to embodi-
ments of the invention will now be described in detail.
Properties of piro(anthracene-9,9'-fluoren)-10-one Com-
pound

[0034] Properties of the spiro(anthracene-9,9'-fluoren)-10-
one compound according the present invention are described
in sections (1) and (2) below.

[0035] (1) The anthrone skeleton represented by the follow-
ing formula has a 10-position that has high reactivity:

O
8 1
9
7 2
6 3
5 10 4

[Anthrone skeleton]

[Chem. 6]

[0036] The anthrone skeleton is widely used as an interme-
diate for synthesizing anthracene. The reaction path for
obtaining anthracene from the anthrone skeleton is as fol-
lows:

0
Br@
—_—
H*
H H
QF
-0
—_—

O
H H

[Chem. 7]

[Reactivity of 10-position]

[0037] This reaction occurs because the 10-position of the
anthrone skeleton are substituted with hydrogen atoms. In
contrast, the spiro(anthracene-9,9'-fluoren)-10-one com-
pound of the embodiment does not undergo the reaction rep-
resented by the scheme above and is thus stable.
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[0038] (2) As for a compound having an anthrone skeleton
with two aryl groups substituting the 10-position, the two aryl
groups can rotate separately since they are not bonded to each
other, and thus the stability of the basic skeleton is low. In
contrast, according to the spiro(anthracene-9,9'-fluoren)-10-
one compound of the invention, the anthrone skeleton is
spiro-bonded with the fluorene skeleton at the 10-position of
the anthrone skeleton. Thus, the compound has no rotatable
portions and exhibits high stability. An organic light-emitting
device that uses a compound having a rotatable portion is not
desirable since deterioration (decrease in luminance and effi-
ciency) with time is accelerated.

[0039] As set forth in (1) and (2) above, when the anthrone
skeleton is used in an organic light-emitting device, a spiro
(anthracene-9,9'-fluoren)-10-one compound may be used so
that the organic light-emitting device has high stability.
Functions of'the spiro(anthracene-9,9'-fluoren)-10-one Com-
pound

[0040] The anthrone ring in the spiro(anthracene-9,9'-fluo-
ren)-10-one compound has a carbonyl group. The inventors
of the present invention have found that this compound is
suitable for use in layers that confine electrons or allow elec-
trons to flow, i.e., electron transport layers, hole blocking
layers, and emission layers of organic light-emitting devices.
A hole blocking layer is a layer that is adjacent to a cathode-
side of an emission layer or an electron transport layer. An
electron transport layer is a layer in contact with a cathode and
is also called an “electron injection layer”. A hole blocking
layer may also be called a “layer adjacent to a cathode-side of
an emission layer or an electron transport layer”. The inven-
tors have found that this compound is particularly suitable for
use in an emission layer or a hole blocking layer near the
emission layer since the compound has ahigh T, energy (2.86
eV, 433 nm) and a deep LUMO level (2.7 eV or more).
[0041] In order to use the compound in a hole blocking
layer of an organic light-emitting device, i.e., in a layer adja-
cent to an electron transport layer, the following point should
be taken into consideration. That is, the compound has an
adequate LUMO level with respect to the LUMO level of an
electron transport material.

[0042] Representative examples of the electron transport
material include tris(8-quinolinol)aluminum(I1I), 4,7-diphe-
nyl-1,10-phenanthroline, and 2,9-dimethyl-4,7-diphenyl-1,
10-phenanthroline. The LUMO levels of these electron trans-
port materials are deep, i.e., 2.8 eV, 3.2 eV, and 3.3 eV,
respectively.

[0043] Accordingly, the material used in the adjacent hole
blocking layer needs to have an adequate LUMO level with
respect to the LUMO level of the electron transport material.
The LUMO level may be 2.7 eV or higher. At a LUMO level
less than 2.7 eV, the difference (energy barrier) in LUMO
level between the material used in the hole blocking layer and
the electron transport material is large and the voltage for
driving the light-emitting device is increased.

[0044] Since the LUMO level of the spiro(anthracene-9,9'-
fluoren)-10-one compound of the invention is 2.7 eV or
higher, the voltage for driving the light-emitting device does
not increase much even when the compound is used in the
hole blocking layer.

[0045] When the compound is used in the hole blocking
layer of an organic light-emitting device, the following point
should also be taken into consideration. That is, the com-
pound has high electron mobility with respect to the hole
mobility.
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[0046] The spiro(anthracene-9,9'-fluoren)-10-one com-
pound of this embodiment is a compound free of substituents
having hole transport property, e.g., aryl amino and aryl car-
bazolyl groups. Accordingly, the electron transport property
derived from the carbonyl group remains uninhibited and the
electron mobility is high with respect to the hole mobility.
[0047] In order to use the spiro(anthracene-9,9'-fluoren)-
10-one compound of the embodiment in an emission layer of
an organic light-emitting device (an accessory component of
a host material), the following point should be taken into
consideration. That is, the compound has an adequate band
gap with respect to the emission color of an emission material
used in the organic light-emitting device.

[0048] The spiro(anthracene-9,9'-fluoren)-10-one com-
pound of this embodiment has an aryl group, e.g., a biphenyl
group, introduced into a site where conjugation with the
anthrone skeleton is continued in order to narrow the band
gap. Choices of the substitution sites are 1- to 8-positions of
the formula below:

[Chem. 8]

[0049] Possible positions to which aryl groups are intro-
duced are the 2-, 3-, 6-, and 7-positions. In this embodiment,
aryl groups are introduced to one of 2-and 3-positions and one
of 6- and 7-positions. With such substitution positions, the
conjugation can be expanded and the band gap can be nar-
rowed. Thus, substituents can be introduced to substitution
positions that have less steric hindrance with the anthrone
skeleton.

[0050] When a phosphorescent material is used as the emis-
sion material and the spiro(anthracene-9,9'-fluoren)-10-one
compound ofthis embodiment is used in a hole blocking layer
or as an accessory component of a host material of an emis-
sion layer, it is important that the T, energy of the compound
satisfies a particular condition.

[0051] TheT, energy of spiro(anthracene-9,9'-fluoren)-10-
one which forms the basic skeleton (backbone) of the spiro
(anthracene-9,9'-fluoren)-10-one compound of the embodi-
ment is 433 nm. Since the backbone itself has a high T,,
various substituents can be introduced to decrease the T,
energy in accordance to the emission spectrum of an emission
material.

[0052] TheT, energy ofthe spiro(anthracene-9,9'-fluoren)-
10-one compound is also affected by the T, energy of the aryl
group substituting one of the 2- and 3-positions and that of the
aryl group substituting one of the 6- and 7-positions.

[0053] The T, energy (on a wavelength basis) of various
aryls is presented in Table 1 below.

[0054] When the color of emission of the phosphorescent
material is blue to green (maximum peak in the spectrum is in
the range of 440 nm to 530 nm), aryls that have a higher T,
energy are selected. Among the aryls in Table 1 below, ben-
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zene, benzothiophene, benzofuran, fluorene, triphenylene,
biphenylene, terphenylene, phenanthrene, and naphthalene
having T, energy of 500 nm or less are preferred, and ben-
zene, benzothiophene, benzofuran, fluorene, triphenylene
biphenylene, and terphenylene having T, energy of 450 nm or
less are particularly preferable. When fluorene is used, dim-
ethylfluorene is preferably used as shown by the structural
formula of an example compound below.

TABLE 1
T, energy
ona
Structural wavelength
Name formulae basis
Benzene 339 nm
Benzothiophene S: 415 nm
Benzofuran O 417 nm
Fluorene ' 422 nm
Triphenylene : 427 nm
Biphenylene 436 nm
Terphenylene ‘ 445 nm
Phenanthrene . 459 nm
Naphthalene “ 472 nm
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TABLE 1-continued -continued
T, energy
ona
Structural wavelength
Name formulae basis

o Q Q -
Pyrene O O 589 nm

Anthracene ‘ - 672 nm

[0055] As described above, the compound of the embodi-
ment has a deep LUMO level (2.7 eV or more), high electron
mobility, and high T, energy. Thus, when the compound is
used as a material for a hole blocking layer, the driving
voltage of the device can be lowered while achieving high
efficiency.

[0056] The compound of the embodiment also has a narrow
band bap and high T, energy. Thus, when the compound is
used as a host material of an emission layer, the driving
voltage of the device can be lowered while achieving high
efficiency.

[0057] Inall cases, the compound contributes to decreasing
the driving voltage of the device and electrochemical load
imposed on the device. Thus, the lifetime of the device can be
extended.

Examples of the spiro(anthracene-9,9'-fluoren)-10-one Com-
pound of the Embodiment

[0058] Examples of the specific structural formulae of the
spiro(anthracene-9,9'-fluoren)-10-one compound are as fol-
lows.

[Chem. 9] A-5
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-continued
C-10

[0059]

Compounds of Group A are compounds represented
by general formula [1] having substituents at Ar, and Ar, (or
Ar, and Ar,). Of the two substituents, one is substituted at a
para (p) position with respect to the carbonyl in the anthrone
skeleton, in other words, at a position where the conjugation
expands. Thus, the electron transport property can be
improved.

[0060] Moreover, since Group A compounds are asymmet-
ric compounds having Ar, (Ar,) at a position asymmetric to
Ar, (Ar,), a highly stable amorphous film can be obtained
since crystallization is suppressed during manufacture of a
thin film.

[0061] Compounds of Group B are compounds represented
by general formula [1] having substituents at Ar, and Ar,.
Since the two substituents are at meta (m) positions with
respectto the carbonyl in the anthrone skeleton, i.e., positions
that narrow the conjugation compared to the para positions
described above, a compound having higher T, energy can be
obtained.

[0062] Compounds of Group C are compounds represented
by general formula [1] having substituents at Ar, and Ar;.
Since the two substituents are at para (p) positions with
respectto the carbonyl in the anthrone skeleton, i.e., positions
that expand the conjugation, a compound having high elec-
tron transport property can be obtained.

[0063] In this embodiment, selection may be freely made
from compounds of Groups A to C. When the compound is to
beused in a single-layer film as an electron transport material,
film stability is also needed. Thus, compounds of Group A are
preferably used. When the compound is used as an assisting
material for the emission layer, the assisting material must
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have high T, energy as the emission color approaches blue.
Thus, selection may be made from the compounds of Group
B.

[0064] The two substituents of the spiro(anthracene-9,9'-
fluoren)-10-one compound of the embodiment may be the
same aryl group or different aryl groups. A compound having
T, energy of 2.3 eV or more and a LUMO level of 2.7 eV or
more can be obtained even when the two substituents are
different.

Method for Synthesizing the spiro(anthracene-9,9'-fluoren)-
10-one Compound

[0065] A method for synthesizing the spiro(anthracene-9,
9'-fluoren)-10-one compound will now be described.

[0066] A dihalide of the raw material, spiro(anthracene-9,
9'-fluoren)-10-one can be synthesized through the scheme
below, in which compounds [3], [7a], and [7b] are dihalides.
A compound [1] can be purchased from Tokyo Chemical
Industry Co., Ltd. (reactant code: No. D3182, trade name:
dibromoanthraquinone). The synthetic method for a com-
pound [4] is described in Journal of Organometallic Chemis-
try (1977), 128 (1), pp. 95-98.

[Chem. 12]
(¢]
Br.
Li
TFF, -78° C.
Br
(0]
[1]
(¢]

Br
‘O HCl
B

_—
CH3COOH, 130° C.

Br
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-continued -continued
[Chem. 13]

Ar

Br Br H202
—_—
CH3COOH

J0°

O Ar\ /O
Br. Br O 7%4
Li Br. Br
TFF,-78° C. O‘O
0 . Pd(PPh)4, Na2CO3
[5] Q O Toluene, EtOH, H20 85° C.

[7a]
Br. Br o)
Ar Ar
HCI
—_—_—
CH3COOH, 130° C.
OH
[6]

[10]
A

B/O

0 0
T OO0
Br Br
o 0
Pd(PPh)4, Na2CO3
[7a] [7b]

Toluene, EtOH, H20 85° C.

(€]
[0067] The spiro(anthracene-9,9'-fluoren)-10-one com-
pound of this embodiment can also be synthesized through a
coupling reaction between the raw material, dihalide
described above and boronic acid or a borate compound of
aryl in the presence of a Pd catalyst, as illustrated in the Ar "Ar
schemes below. Q.O
[Chem. 14]
(1]
Ar
o \]l3 -0
Br Y [0068] In|[9],[10], and [11], the aryl groups (Ar) are each
individually selected from a phenyl group, a biphenyl group,
g a terphenyl group, a fluorenyl group, a triphenylene group, a
Br L8] dibenzofuran group, and a dibenzothiophene group.
Pd(PPh)4, Na2CO3 [0069] When the spiro(anthracene-9,9'-fluoren)-10-one
Toluene, EtOH, H20 85° C. compound is used in an organic light-emitting device, subli-
mation purification may be conducted as the last purification
131 before fabrication of the device. This is because sublimation

purification yields a high purification effect in increasing the
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purity of an organic compound. In general, sublimation puri-
fication requires a high temperature as the molecular weight
of the organic compound increases, and pyrolysis tends to
occur at such a high temperature. Accordingly, the organic
compound used in the organic light-emitting device may have
a molecular weight of 1000 or less so that sublimation puri-
fication can be conducted without excessive heating.

Light-emitting Device

[0070] An organic light-emitting device according to an
embodiment of the present invention will now be described.
[0071] The organic light-emitting device includes a pair of
electrodes opposing each other, i.e., an anode and a cathode,
and an organic compound layer interposed between the elec-
trodes. The organic compound layer of the organic light-
emitting device contains a spiro(anthracene-9,9'-fluoren)-10-
one compound represented by general formula [1].

[0072] Examples of the structure that can be employed in
the organic light-emitting device of this embodiment includes
an anode/emission layer/cathode structure, an anode/hole
transport layer/electron transport layer/cathode structure, an
anode/hole transport layer/emission layer/electron transport
layer/cathode structure, an anode/hole injection layer/hole
transport layer/emission layer/electron transport layer/cath-
ode structure, and an anode/hole transport layer/emission
layer/hole blocking layer/electron transport layer/cathode
structure, the layers in the structures being sequentially
formed on a substrate. Note that these five types of multilayer
organic light-emitting devices are only basic device struc-
tures and the structure of the organic light-emitting device
that uses the compound of the embodiment is not limited to
these. For example, an insulating layer may be formed
between an electrode and an organic compound layer, an
adhesive layer or an interference layer may be provided in
addition, and the electron transport layer or hole transport
layer may be constituted by two layers having different ion-
ization potentials.

[0073] The device may be of a top-emission type in which
light is output from the substrate-side electrode or of a bot-
tom-emission type in which light is output from the side
remote from the substrate, or may be configured to output
light from both sides.

[0074] The spiro(anthracene-9,9'-fluoren)-10-one com-
pound of the embodiment can be used in an organic com-
pound layer of an organic light-emitting device having any
layer structure. For example, the compound is preferably used
in the electron transport layer, the hole blocking layer, or the
emission layer, and more preferably used in the hole blocking
layer or the emission layer. When the compound is used in the
emission layer, the compound is preferably used as an acces-
sory component (second host material or host material 2) of
the host material. In this case, the main component of the host
material is called a “first host material” or “host material 1”.
[0075] The emission layer may contain a host material and
a guest material (also referred to as “emission material”). A
host material is a material other than the guest material.
[0076] The emission layer may contain two or more host
materials. The concentration of the phosphorescent material
is 0.01 wt % to 50 wt % and preferably 0.1 wt % to 20 wt %
relative to the total amount of the materials constituting the
emission layer. The concentration is more preferably 10 wt %
or less to prevent concentration quenching. The emission
material may be homogeneously contained in all parts of the
layer composed of the host materials, may be contained in the
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layer by having a concentration gradient, or may be contained
in some parts of the layer, leaving other parts of the layer
solely composed of host materials and thus free of the emis-
sion material.

[0077] When a phosphorescent material is used as the guest
material, the phosphorescent material may be a metal com-
plex such as an iridium complex, a platinum complex, a
rhenium complex, a copper complex, an europium complex,
or a ruthenium complex. Of these, an iridium complex having
a high phosphorescent property is preferred. The emission
layer may contain two or more phosphorescent materials so
that transmission of excitons and carriers can be assisted.

[0078] The emission color of the phosphorescent material
is not particularly limited but is preferably blue to green with
amaximum emission peak wavelength in the range of 440 nm
to 530 nm.

[0079] In general, the T, energy of a host material must be
higher than the T, energy of a phosphorescent material to
prevent a decrease in emission efficiency caused by nonra-
diative deactivation.

[0080] The spiro(anthracene-9,9'-fluoren)-10-one com-
pound of this embodiment has a spiro(anthracene-9,9'-fluo-
ren)-10-one basic skeleton (backbone) having T, energy of
433 nm. This T, energy is higher than that of a blue phospho-
rescent material. Accordingly, when the spiro(anthracene-9,
9'-fluoren)-10-one compound is used in an emission layer of
a blue to green organic light-emitting device, high emission
efficiency can be achieved.

[0081] Specific examples of the iridium complex used as a
phosphorescent material are as follows. These examples do
not limit the scope of the present invention.

[0082] Examples of the iridium complex are as follows.

[Chem. 15]

Ir-1

1r-2
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[0083] Examples of the host material are as follows.

[Chem. 16]

12
I-4

May 2, 2013
-continued

[0084] If needed, low-molecular-weight and high-molecu-
lar weight compounds of related art can be used in addition to
the spiro(anthracene-9,9-fluoren)-10-one compound. In par-
ticular, a hole injection compound, a hole transport com-
pound, a host material, a light-emitting compound, an elec-
tron injection compound, an electron transport compound, or
the like may be used in combination.

[0085] The hole injection/transport material preferably has
high hole mobility so that the hole can be easily injected from
the anode and the injected holes can be transported to the
emission layer. Examples of the high-molecular-weight and
low-molecular-weight compounds having hole injection/
transport property include triarylamine derivatives, phe-
nylenediamine derivatives, stilbene derivatives, phthalocya-
nine derivatives, porphyrin derivatives, poly(vinyl
carbazole), poly(thiophene), and other conductive polymers.
[0086] Examples of the emission material contributing
mainly to a light-emitting function include phosphorescent
guest materials described above and derivatives thereof, fused
ring compounds (e.g., fluorene derivatives, naphthalene
derivatives, pyrene derivatives, perylene derivatives, tet-
racene derivatives, anthracene derivatives, and rubrene),
quinacridone derivatives, coumarin derivatives, stilbene
derivatives, organic aluminum complexes such as tris(8-
quinolinolato)aluminum, organic beryllium complexes, and
polymer derivatives such as poly(phenylene vinylene) deriva-
tives, poly(fluorene) derivatives, and poly(phenylene) deriva-
tives.

[0087] The electron injection/transport material can be
freely selected from those materials into which electrons can
be easily injected from the cathode and in which injected
electrons can be transported to the emission layer. The selec-
tion is made by considering the balance with the hole mobility
of the hole injection/transport material, etc. Examples of the
material having electron injection/transport property include
oxadiazole derivatives, oxazole derivatives, pyrazine deriva-
tives, triazole derivatives, triazine derivatives, quinoline
derivatives, quinoxaline derivatives, phenanthroline deriva-
tives, and organic aluminum complexes.

[0088] The anode material may have a large work function.
Examples of the anode material include single metals such as
gold, platinum, silver, copper, nickel, palladium, cobalt, sele-
nium, vanadium, and tungsten or alloys thereof, and metal
oxides such as tin oxide, zinc oxide, indium oxide, indium tin
oxide (ITO), and indium zinc oxide. Conductive polymers
such as polyaniline, polypyrrole, and polythiophene may also
be used. These anode materials may be used alone or in
combination. The anode may be constituted by one layer or
two or more layers.
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[0089] The cathode material may have a small work func-
tion. Examples of the cathode material include alkali metals
such as lithium, alkaline earth metals such as calcium, and
single metals such as aluminum, titanium, manganese, silver,
lead, and chromium. The single metals may be combined and
used as alloys. For example, magnesium-silver, aluminum-
lithium, and aluminum-magnesium alloys and the like can be
used. Metal oxides such as indium tin oxide (ITO) can also be
used. These cathode materials may be used alone or in com-
bination. The cathode may be constituted by one layer or two
or more layers.

[0090] A layer containing the organic compound of the
embodiment and a layer composed of other organic com-
pound ofthe organic light-emitting device of the embodiment
are prepared by the methods below. Typically, thin films are
formed by vacuum vapor deposition, ionization deposition,
sputtering, plasma, or coating using an adequate solvent
(spin-coating, dipping, casting, a Langmuir Blodgett method,
and an ink jet method). When layers are formed by vacuum
vapor deposition or a solution coating method, crystallization
is suppressed and stability over time can be improved. When
a coating method is employed, an adequate binder resin may
be additionally used to form a film.

[0091] Examples of the binder resin include, but are not
limited to, polyvinylcarbazole resins, polycarbonate resins,
polyester resins, ABS resins, acrylic resins, polyimide resins,
phenolic resins, epoxy resins, silicone resins, and urea resins.
These binder resins may be used alone as a homopolymer or
in combination of two or more as a copolymer. If needed,
known additives such as a plasticizer, an antioxidant, and an
ultraviolet absorber may be used in combination.

Usage of Organic Light-emitting Device

[0092] The organic light-emitting device of the embodi-
ment may be used in a display apparatus or a lighting appa-
ratus. The organic light-emitting device can also be used as
exposure light sources of image-forming apparatuses and
backlights of liquid crystal display apparatuses.

[0093] A display apparatus includes a display unit that
includes the organic light-emitting device of this embodi-
ment. The display unit has pixels and each pixel includes the
organic light-emitting device of this embodiment. The dis-
play apparatus may be used as an image display apparatus of
a personal computer, etc.

[0094] The display apparatus may be used in a display unit
of an imaging apparatus such as digital cameras and digital
video cameras. An imaging apparatus includes the display
unitand an imaging unit having an imaging optical system for
capturing images.

[0095] FIG. 1 is a schematic cross-sectional view of an
image display apparatus having an organic light-emitting
device in a pixel unit. In the drawing, two organic light-
emitting devices and two thin film transistors (TFTs) are
illustrated. One organic light-emitting device is connected to
one TFT.

[0096] Referring to FIG. 1, in an image display apparatus 3,
a moisture proof film 32 is disposed on a substrate 31 com-
posed of glass or the like to protect components (TFT or
organic layer) formed thereon. The moisture proof film 32 is
composed of silicon oxide or a composite of silicon oxide and
silicon nitride. A gate electrode 33 is provided on the moisture
proof film 32. The gate electrode 33 is formed by depositing
a metal such as Cr by sputtering.
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[0097] A gate insulating film 34 covers the gate electrode
33. The gate insulating film 34 is obtained by forming a layer
of'silicon oxide or the like by a plasma chemical vapor depo-
sition (CVD) method or a catalytic chemical vapor deposition
(cat-CVD) method and patterning the film. A semiconductor
layer 35 is formed over the gate insulating film 34 in each
region that forms a TFT by patterning. The semiconductor
layer 35 is obtained by forming a silicon film by a plasma
CVD method or the like (optionally annealing at a tempera-
ture 290° C. or higher, for example) and patterning the result-
ing film according to the circuit layout.

[0098]
formed on each semiconductor layer 35. In sum, a TFT 38
includes a gate electrode 33, a gate insulating layer 34, a
semiconductor layer 35, a drain electrode 36, and a source
electrode 37. An insulating film 39 is formed over the TFT 38.
A contact hole (through hole) 310 is formed in the insulating
film 39 to connect between a metal anode 311 of the organic
light-emitting device and the source electrode 37.

[0099] A single-layer or a multilayer organic layer 312 that
includes an emission layer and a cathode 313 are stacked on
the anode 311 in that order to constitute an organic light-
emitting device that functions as a pixel. First and second
protective layers 314 and 315 may be provided to prevent
deterioration of the organic light-emitting device.

[0100] The switching device is not particularly limited and
a metal-insulator-metal (MIM) element may be used instead
of the TFT described above.

A drain electrode 36 and a source electrode 37 are

EXAMPLES

Example 1

Synthesis of Example Compound A-2

[0101]
[Chem. 17]
e}
B\O
[0}
Br.
[12]

Pd(PPh)4, Na2CO3
Toluene, EtOH, H20
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-continued
O

(L
8%

[A-1]

[0102] The following reagents and solvents were placed in
a 200 mL round-bottomed flask.

[0103] [3]: 1 g (2 mmol)
[0104] [12] (phenylboronic acid): 0.8 g (4 mmol)
[0105] Pd(PPh)4 (tetrakis(triphenylphosphine)palladium

(0)): 0.23 g (0.2 mmol)

[0106] Toluene: 50 mL
[0107] Ethanol: 20 mL
[0108] 30wt % Aqueous sodium carbonate solution: 30 mL
[0109] The reaction solution was refluxed for 3 hours under

heating and stirring in a nitrogen atmosphere. Upon comple-
tion of the reaction, water was added to the reaction solution,
followed by stirring. Precipitated crystals were separated by
filtration and washed with water, ethanol, and acetone to
obtain a crude product. The crude product was dissolved in
toluene under heating, subjected to hot filtration, and recrys-
tallized twice with a toluene solvent. The obtained crystals
were vacuum dried at 100° C. and purified by sublimation at
10~ Pa and 300° C. As a result, 0.46 g (yield: 46%) of
high-purity Example Compound A-1 was obtained.

[0110] The compound obtained was identified by mass
spectroscopy.
[0111] Matrix-assisted laser desorption ionization-time-of-

flight mass spectroscopy (MALDI-TOF-MS)

[0112] Observed value: m/z=496.6
[0113] Calculated value: C, H,,0=496.2
[0114] TheT, energy of Example Compound A-1 was mea-

sured by the following process.

[0115] A phosphorescence spectrum of a toluene diluted
solution (about 10~* mol/L) of Example Compound A-1 was
measured in an Ar atmosphere at 77 K and an excitation
wavelength 0of310 nm. The T, energy was calculated from the
peak wavelength of the first emission peak of the obtained
phosphorescence spectrum. The T, energy was 460 nm on a
wavelength basis.

[0116] The energy gap of Example Compound A-1 was
measured by the following process.

[0117] Example Compound A-1 was vapor-deposited by
heating on a glass substrate to obtain a deposited thin film 20
nm in thickness. An absorption spectrum of the deposited thin
film was taken with an ultraviolet-visible spectrophotometer
(V-560 produced by JASCO Corporation). The energy gap of
Example Compound A-1 determined from the absorption
edge of the absorption spectrum was 3.5 eV.
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Example 2

Synthesis of Example Compound A-3
[0118]

[Chem. 18]

[13]
Pd(PPh)4, Na2CO3

Toluene, EtOH, H20 85° C.

[0119]

The following reagents and solvents were placed in
a 200 mL round-bottomed flask.

[0120] [3]: 1 g (2 mmol)
[0121] [13] (terphenylboronic acid): 1.4 g (4 mmol)
[0122] Pd(PPh)4 (tetrakis(triphenylphosphine)palladium

(0)): 0.23 g (0.2 mmol)

[0123] Toluene: 50 mL
[0124] Ethanol: 20 mL
[0125] 30wt % Aqueous sodium carbonate solution: 30 mL
[0126] The reaction solution was refluxed for 3 hours under

heating and stirring in a nitrogen atmosphere. Upon comple-
tion of the reaction, water was added to the reaction solution,
followed by stirring. Precipitated crystals were separated by
filtration and washed with water, ethanol, and acetone to
obtain a crude product. The crude product was dissolved in
toluene under heating, subjected to hot filtration, and recrys-
tallized twice with a toluene solvent. The obtained crystals
were vacuum dried at 100° C. and purified by sublimation at
10™* Pa and 320° C. As a result, 0.33 g (yield: 21%) of
high-purity Example Compound A-3 was obtained.

[0127] The compound obtained was identified by mass
spectroscopy.
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[0128] Matrix-assisted laser desorption ionization-time-of-
flight mass spectroscopy (MALDI-TOF-MS)

[0129] Observed value: m/z=801.0
[0130] Calculated value: C, H,,0=800.3
[0131] The T, energy of Example Compound A-3 mea-

sured as in Example 1 was 471 nm on a wavelength basis.
[0132] The energy gap of Example Compound A-3 deter-
mined as in Example 1 was 3.4 eV.

Example 3

Synthesis of Example Compound A-7
[0133]

[Chem. 19]
0
/
B
O \ :é
e}
| (
Br
[14]
Pd(PPh)4, Na2CO3

B
Q.O ' Toluene, EtOH, H20 85° C.
[3]

[0134] The following reagents and solvents were placed in
a 200 mL round-bottomed flask.

[0135] [3]: 1 g (2 mmol)
[0136] [14] (fluorenylboronic acid: 1.3 g (4 mmol)
[0137] Pd(PPh)4 (tetrakis(triphenylphosphine)palladium

(0)): 0.23 g (0.2 mmol)

[0138] Toluene: 50 mL
[0139] Ethanol: 20 mL
[0140] 30wt % Aqueous sodium carbonate solution: 30 mL
[0141] The reaction solution was refluxed for 3 hours under

heating and stirring in a nitrogen atmosphere. Upon comple-
tion of the reaction, water was added to the reaction solution,
followed by stirring. Precipitated crystals were separated by
filtration and washed with water, ethanol, and acetone to
obtain a crude product. The crude product was dissolved in
toluene under heating, subjected to hot filtration, and recrys-
tallized twice with a toluene solvent. The obtained crystals
were vacuum dried at 100° C. and purified by sublimation at
10~ Pa and 315° C. As a result, 0.39 g (yield: 27%) of
high-purity Example Compound A-7 was obtained.
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[MALDI-TOF-MS]

[0142] Observed value: m/z=728.9
[0143] Calculated value: 728.3
[0144] The T, energy of Example Compound A-7 mea-

sured as in Example 1 was 480 nm on a wavelength basis.
[0145] The energy gap of Example Compound A-7 deter-
mined as in Example 1 was 3.2 eV.

Example 4

Synthesis of Example Compound B-1
[0146]

[Chem. 20]

e}

B\O

Br

Br.
[12]
Pd(PPh)4, Na2CO3

Toluene, EtOH, H20
85° C.

[0147] The following reagents and solvents were placed in
a 200 mL round-bottomed flask.

[0148] [7a]: 1 g (2 mmol)
[0149] [12] (phenylboronic acid): 0.8 g (4 mmol)
[0150] Pd(PPh)4 (tetrakis(triphenylphosphine)palladium

(0)): 0.23 g (0.2 mmol)

[0151] Toluene: 50 mL
[0152] Ethanol: 20 mL
[0153] 30wt % Aqueous sodium carbonate solution: 30 mL
[0154] The reaction solution was refluxed for 3 hours under

heating and stirring in a nitrogen atmosphere. Upon comple-
tion of the reaction, water was added to the reaction solution,
followed by stirring. Precipitated crystals were separated by
filtration and washed with water, ethanol, and acetone to
obtain a crude product. The crude product was dissolved in
toluene under heating, subjected to hot filtration, and recrys-
tallized twice with a toluene solvent. The obtained crystals
were vacuum dried at 100° C. and purified by sublimation at
10~* Pa and 300° C. As a result, 0.55 g (yield: 56%) of
high-purity Example Compound B-1 was obtained.
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[0155] The obtained compound was identified by mass
spectroscopy.

[MALDI-TOF-MS]

[0156] Observed value: m/z=496.7
[0157] Calculated value: C, H,,0=496.2
[0158] The T, energy of Example Compound B-1 mea-

sured as in Example 1 was 454 nm on a wavelength basis.
[0159] The energy gap of Example Compound B-1 mea-
sured as in Example 1 was 3.7 eV.

Example 5

Synthesis of Example Compound B-3
[0160]

[Chem. 21]

Br Br
[13]
Pd(PPh)4, Na2CO3

Toluene, EtOH, H20 85° C.

[0161] The following reagents and solvents were placed in
a 200 mL round-bottomed flask.

[0162] [7a]: 1 g (2 mmol)
[0163] [13] (terphenylboronic acid): 1.4 g (4 mmol)
[0164] Pd(PPh)4 ((tetrakis(triphenylphosphine)palladium

(0)): 0.23 g (0.2 mmol)

[0165] Toluene: 50 mL
[0166] Ethanol: 20 mL
[0167] 30 wt% Aqueous sodium carbonate solution: 30 mL
[0168] The reaction solution was refluxed for 3 hours under

heating and stirring in a nitrogen atmosphere. Upon comple-
tion of the reaction, water was added to the reaction solution,
followed by stirring. Precipitated crystals were separated by
filtration and washed with water, ethanol, and acetone to
obtain a crude product. The crude product was dissolved in
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chlorobenzene under heating, subjected to hot filtration, and
recrystallized twice with a chlorobenzene solvent. The
obtained crystals were vacuum dried at 100° C. and purified
by sublimation at 10™* Pa and 340° C. As a result, 0.51 g
(vield: 32%) of high-purity Example Compound B-3 was
obtained.

[MALDI-TOF-MS]

[0169] Observed value: m/z=800.9
[0170] Calculated value: 800.3
[0171] The T, energy of Example Compound B-3 mea-

sured as in Example 1 was 461 nm on a wavelength basis.
[0172] The energy gap of Example Compound B-3 mea-
sured as in Example 1 was 3.6 eV.

Example 6

Synthesis of Example Compound B-7
[0173]

[Chem. 22]

Q™

[14]
Pd(PPh)4, Na2CO3

Toluene, EtOH, H20 85° C.

[0174]

The following reagents and solvents were placed in
a 200 mL round-bottomed flask.

[0175] [7a]: 1 g (2 mmol)
[0176] [14] (fluorenylboronic acid): 1.3 g (4 mmol)
[0177] Pd(PPh)4 ((tetrakis(triphenylphosphine)palladium

(0)): 0.23 g (0.2 mmol)

[0178] Toluene: 50 mL
[0179] Ethanol: 20 mL
[0180] 30wt % Aqueous sodium carbonate solution: 30 mL
[0181] The reaction solution was refluxed for 3 hours under

heating and stirring in a nitrogen atmosphere. Upon comple-
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tion of the reaction, water was added to the reaction solution,
followed by stirring. Precipitated crystals were separated by
filtration and washed with water, ethanol, and acetone to
obtain a crude product. The crude product was dissolved in
toluene under heating, subjected to hot filtration, and recrys-
tallized twice with a toluene solvent. The obtained crystals
were vacuum dried at 100° C. and purified by sublimation at
10~ Pa and 340° C. As a result, 0.62 g (yield: 43%) of
high-purity Example Compound B-7 was obtained.

[MALDI-TOF-MS]

[0182] Observed value: m/z=728.7
[0183] Calculated value: 728.3
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[0184] The T, energy of Example Compound B-7 mea-
sured as in Example 1 was 470 nm on a wavelength basis.

[0185] The energy gap of Example Compound B-7 mea-
sured as in Example 1 was 3.5 eV.

Example 7

Synthesis of Example Compound B-9

[0186]

[Chem. 23]

[e=]
/ ©

O )

Br Br [13]
Pd(PPh)4, Na2CO3
Toluene, EtOH, H20 85° C.

i 0
O /:lé
B
0 AN
0

Pd(PPh)4, Na2CO3
Toluene, EtOH, H20 85° C.

0
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[B-9]

[0187] Example Compound B-9, i.e., an asymmetric com-
pound, was synthesized as follows through two reaction
stages.

First Stage

[0188] The following reagents and solvents were placed in
a 500 mL round-bottomed flask.

[0189] [7a]: 5 g (10 mmol)
[0190] [13] (terphenylboronic acid): 3.5 g (10 mmol)
[0191] Pd(PPh)4 ((tetrakis(triphenylphosphine)palladium

(0)): 0.57 g (0.5 mmol)

[0192] Toluene: 150 mL

[0193] Ethanol: 40 mL

[0194] 30wt % Aqueous sodium carbonate solution: 60 mL
[0195] The reaction solution was refluxed for 3 hours under

heating and stirring in a nitrogen atmosphere. Upon comple-
tion of the reaction, water was added to the reaction solution,
followed by stirring. Precipitated crystals were separated by
filtration and washed with water and ethanol to obtain a crude
product. The crude product was purified by column chroma-
tography (filler: silica gel, developing solvent: heptane/ethyl
acetate=5/1), dissolved in toluene under heating, subjected to
hot filtration, and recrystallized twice with a toluene solvent.
The obtained crystals were vacuum dried at 100° C. As a
result, 2.9 g (yield: 45%) of an intermediate [15] was
obtained. The intermediate [15] was used as a raw material for
the reaction of the second stage.

Second Stage

[0196] The following reagents and solvents were placed in
a 200 mL round-bottomed flask.

[0197] Intermediate [15]: 2 g (3 mmol)
[0198] [16] (biphenylboronic acid): 0.86 g (3 mmol)
[0199] Pd(PPh)4 (tetrakis(triphenylphosphine)palladium

(0)): 0.35 g (0.3 mmol)

[0200] Toluene: 80 mL
[0201] Ethanol: 20 mL
[0202] 30wt % Aqueous sodium carbonate solution: 30 mL
[0203] The reaction solution was refluxed for 3 hours under

heating and stirring in a nitrogen atmosphere. Upon comple-
tion of the reaction, water was added to the reaction solution,
followed by stirring. Precipitated crystals were separated by
filtration and washed with water, ethanol, and acetone to
obtain a crude product. The crude product was dissolved in

toluene under heating, subjected to hot filtration, and recrys-
tallized twice with a toluene solvent. The obtained crystals
were vacuum dried at 100° C. and purified by sublimation at
10~* Pa and 330° C. As a result, 1.1 g (yield: 50%) of high-
purity Example Compound B-9 was obtained.

[MALDI-TOF-MS]

[0204] Observed value: m/z=724.9
[0205] Calculated value: 724.3
[0206] The T, energy of Example Compound B-9 mea-

sured as in Example 1 was 460 nm on a wavelength basis.

[0207] The energy gap of Example Compound B-9 deter-
mined as in Example 1 was 3.6 eV.

Example 8

Synthesis of Example Compound C-3

[0208]

[Chem. 24]

=Y

13
Pd(PPh)4, Na2CO3

Toluene, EtOH, H20 85° C.
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[0209]

(LI
(J QQQ ()
g g

[C-3]

The following reagents and solvents were placed in

a 200 mL round-bottomed flask.

[0210]
[0211]
[0212]

[7b]: 1 g (2 mmol)
[13] (terphenylboronic acid): 1.4 g (4 mmol)
Pd(PPh)4(tetrakis(triphenylphosphine)palladium

(0)): 0.23 g (0.2 mmol)

[0213]
[0214]

Toluene: 50 mL
Ethanol: 20 mL

S
OO

[7b]
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[0215] 30wt % Aqueous sodium carbonate solution: 30 mL
[0216] The reaction solution was refluxed for 3 hours under
heating and stirring in a nitrogen atmosphere. Upon comple-
tion of the reaction, water was added to the reaction solution,
followed by stirring. Precipitated crystals were separated by
filtration and washed with water, ethanol, and acetone to
obtain a crude product. The crude product was dissolved in
chlorobenzene under heating, subjected to hot filtration, and
recrystallized twice with a chlorobenzene solvent. The
obtained crystals were vacuum dried at 100° C. and purified
by sublimation at 10™* Pa and 325° C. As a result, 0.51 g
(vield: 32%) of high-purity Example Compound C-3 was
obtained.

[MALDI-TOF-MS]

[0217] Observed value: m/z=800.9

[0218] Calculated value: 800.3

[0219] The T, energy of Example Compound C-3 mea-
sured as in Example 1 was 472 nm on a wavelength basis.

[0220] The energy gap of Example Compound C-3 mea-

sured as in Example 1 was 3.2 eV.

Example 9

Synthesis of Example Compound C-9
[0221]

[Chem. 25]

0
B/
O )

[13]

O

Pd(PPh)4, Na2CO3

Br Toluene, EtOH, H20 85° C.
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[16]

Pd(PPh)4, Na2CO3

0
O [17]

[0222] Example compound C-9, i.e., an asymmetric com-
pound, was synthesized as follows through two reaction
stages.

[C-9]

First Stage

[0223] The following reagents and solvents were placed in
a 500 mL round-bottomed flask.

[0224] [7b]: 5 g (10 mmol)
[0225] [13] (terphenylboronic acid): 3.5 g (10 mmol)
[0226] Pd(PPh)4(tetrakis(triphenylphosphine)palladium

(0)): 0.57 g (0.5 mmol)

[0227] Toluene: 150 mL

[0228] Ethanol: 40 mL

[0229] 30wt % Aqueous sodium carbonate solution: 60 mL
[0230] The reaction solution was refluxed for 3 hours under

heating and stirring in a nitrogen atmosphere. Upon comple-
tion of the reaction, water was added to the reaction solution,
followed by stirring. Precipitated crystals were separated by
filtration and washed with water and ethanol to obtain a crude
product. The crude product was purified by column chroma-
tography (filler: silica gel, developing solvent: heptane/ethyl
acetate=5/1), dissolved in toluene under heating, subjected to
hot filtration, and recrystallized twice with a toluene solvent.
The obtained crystals were vacuum dried at 100° C. As a
result, 2.1 g (yield: 32%) of an intermediate [17] was
obtained. The intermediate [17] was used as a raw material for
the reaction of the second stage.

(LI
S20

Toluene, EtOH, H20 85° C.

Second Stage

[0231] The following reagents and solvents were placed in
a 200 mL round-bottomed flask.

[0232] Intermediate [17]: 2 g (3 mmol)
[0233] [16] (biphenylboronic acid): 0.86 g (3 mmol)
[0234] Pd(PPh)4 (tetrakis(triphenylphosphine)palladium

(0)): 0.35 g (0.3 mmol)

[0235] Toluene: 80 mL
[0236] Ethanol: 20 mL
[0237] 30wt % Aqueous sodium carbonate solution: 30 mL
[0238] The reaction solution was refluxed for 3 hours under

heating and stirring in a nitrogen atmosphere. Upon comple-
tion of the reaction, water was added to the reaction solution,
followed by stirring. Precipitated crystals were separated by
filtration and washed with water, ethanol, and acetone to
obtain a crude product. The crude product was dissolved in
toluene under heating, subjected to hot filtration, and recrys-
tallized twice with a toluene solvent. The obtained crystals
were vacuum dried at 100° C. and purified by sublimation at
10~* Pa and 340° C. As a result, 0.84 g (yield: 38%) of
high-purity Example Compound C-9 was obtained.

[MALDI-TOF-MS]

[0239] Observed value: m/z=724.9
[0240] Calculated value: 724.3
[0241] The T, energy of Example Compound C-9 mea-

sured as in Example 1 was 472 nm on a wavelength basis.
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[0242] The energy gap of Example Compound C-9 deter-
mined as in Example 1 was 3.2 eV.

Example 10

[0243] The LUMO levels of the compounds obtained in
Examples 1 to 9 are presented in Table 2. Table 2 shows that
the LUMO levels of all compounds were deeper than 2.7 eV.

TABLE 2
HOMO(eV) LUMO(V)
A-l 6.39 2.99
A3 6.38 2.99
A7 6.45 3.21
B-1 6.47 2.98
B-3 6.47 2.99
B-7 6.48 3.15
B9 6.47 3.00
c-3 6.3 3.25
c9 6.3 3.24
Example 11

[0244] In Example 11, an organic light-emitting device
having an anode/hole transport layer/emission layer/hole
blocking layer/electron transport layer/cathode structure, all
the layers being sequentially formed on a substrate, was pro-
duced by the process below.

[0245] Indium tin oxide (ITO) was sputter-deposited on a
glass substrate to form a film 120 nm in thickness functioning
as an anode. This substrate was used as a transparent conduc-
tive support substrate (ITO substrate). Organic compound
layers and electrode layers below were continuously formed
on the ITO substrate by vacuum vapor deposition under resis-
tive heating in a 10~° Pa vacuum chamber. The process was
conducted so that the area of the opposing electrodes was 3

mm?.

[0246] Hole transport layer (40 nm) HTL-1

[0247] Emission layer (30 nm)

[0248] Host material 1: EML-1

[0249] Host material 2: none

[0250] Guest material: Ir-1 (10 wt %)

[0251] Hole blocking (HB) layer (10 nm) A-3

[0252] Electron transport layer (30 nm) ETL-1

[0253] Metal electrode layer 1 (0.5 nm) LiF

[0254] Metal electrode layer 2 (100 nm) Al
[Chem. 26]

HTL-1

adas
e sy
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-continued
Ir-1

Ir

ETL-1

[0255] A protective glass plate was placed over the organic
light-emitting device in dry air to prevent deterioration
caused by adsorption of moisture and sealed with an acrylic
resin adhesive. Thus, an organic light-emitting device was
produced.

[0256] A voltage of 5.5V was applied to the ITO electrode
functioning as a positive electrode and an aluminum electrode
functioning as a negative electrode of the resulting organic
light-emitting device. The emission efficiency was 55 cd/A
and emission of green light with a luminance of 4000 cd/m>
was observed. The CIE color coordinate of the device was (x,
v)=(0.30, 0.63).

Examples 12 to 24

[0257] In Examples 12 to 24, devices were produced as in
Example 11 except that the HB material and the host material
1, the host material 2, and the guest material of the emission
layer were changed. Each device was evaluated as in Example
10. The results are shown in Table 3.
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TABLE 3
HB Host Host Guest Emission Voltage Emission

material material 1 material 2 material efficiency (cd/A) V) color
Example 12 A-3 I-3 None Ir-1 41 6.6 Green
Example 13 A-3 13 A-3(15%) Ir-1 56 5.6 Green
Example 14 A-7 I-3 None Ir-1 40 6.4 Green
Example 15 A-7 13 A-7(15%) Ir-1 58 5.1 Green
Example 16 B-3 I-2 None Ir-4 41 6.4 Green
Example 17 B-3 12 B-3(15%) Ir-4 55 55 Green
Example 18 B7 I-2 None Ir-4 40 6.6 Green
Example 19 B-9 I-2 None Ir-4 39 6.4 Green
Example 20 C-3 I-3 None Ir-1 42 6.5 Green
Example 21 C-3 13 C-3(15%) Ir-1 58 54 Green
Example 22 C-9 I-3 None Ir-1 38 6.2 Green
Example 23 A-1 I-5 None Ir-11 9 6.7 Blue
Example 24 B-1 I-5 None Ir-13 11 6.8 Blue
[0258] The results show that when the spiro(anthracene-9, [0260] [Structural formulae of compounds used in Com-

9'-fluoren)-10-one compound is used as an electron transport
material or an emission layer material of a phosphorescent
organic light-emitting device, high emission efficiency can be
achieved.

Examples 25 and 26 and Comparative Examples 1,
2,and 3

[0259] The structural formulae of the compounds of
Examples 25 and 26 and Comparative Examples 1, 2, and 3
are as follows.

[Structural formulae of compounds used in Examples 25 and
26]

[Chem. 27]

parative Examples 1 to 3]

[Chem. 28]
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Structure and Stability

[0261] The compound H-1 of Comparative Example 1 is a
compound having the 10-position of the anthrone skeleton
substituted with hydrogen. As discussed earlier, the stability
decreases (the structure turns into anthracene) when the
10-position of the anthrone skeleton is substituted with
hydrogen.

[0262] The compound H-2 of Comparative Example 2 and
the compound H-3 of Comparative Example 3 have the
10-position of the anthrone skeleton substituted with two aryl
groups (phenyl groups). Since the two aryl groups can rotate
separately, the stability of the basic skeleton is low.

[0263] That the difference in the structure of the basic skel-
eton affects the stability (lifetime) of the organic light-emit-
ting devices was confirmed through the evaluation below.

Comparison of LUMO Level and Electron Mobility

[0264] The electron mobility of the compounds A-3, B-3,
and H-3 of Examples 25 and 26 and Comparative Example 3
is presented in Table 4. The electron mobility of A-3 and B-3
is two orders of magnitude higher than the hole mobility
thereof. In contrast, H-3 has the 10-position of the anthrone
skeleton substituted with an arylamine group having a hole
transport property and thus exhibits electron mobility not
higher than the hole mobility. Moreover, the electron trans-
port property of H-3 tends to be inhibited (electron mobility
tends to be low). The evaluation confirms that the stability
(lifetime) of the light-emitting device using H-3 is signifi-
cantly deteriorated due to this difference.

[0265] The mobility was determined by forming a thin film
(1 to 3 pm in thickness) of each compound by a sublimation
method on an I'TO substrate to form an evaluation sample and
measuring the mobility of the sample by a time-of-flight
technique (analyzer produced by Sumitomo Heavy Indus-
tries, Ltd., Mechatronics division).

TABLE 4

Electron mobility/hole mobility

A-3 10-3 (em2/Vsec)/10-5 (cm2/Vsec)
B-3 10-3 (em2/Vsec)/10-5 (cm2/Vsec)
H-3 10-4 (cm2/Vsec)/10-4 (cm2/Vsec)

Comparison of Luminance Half Life of Organic
Light-emitting Device

[0266] In Examples 25 and 26 and Comparative Examples
1103, devices were produced as in Example 11 except that the
hole blocking material and the host material 1, the host mate-
rial 2, and the guest material of the emission layer were
changed. The luminance half life of each organic light-emit-
ting device at a current value of 40 mA/cm? was measured to
evaluate the stability of the device. The results are presented
in Table 5. In the table, the hole blocking material is denoted
as “HB material”.

TABLE §

HB Host Host Guest Luminance
material material 1  material 2 material half life (h)

Example 25 A-3 I-3 None Ir-1 305
Example 26 B-3 I-3 None Ir-1 325
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TABLE 5-continued

HB Host Host Guest Luminance
material material 1  material 2 material half life (h)

Comparative H-1 1-3 None Ir-1 65
Example 1
Comparative H-2 1-3 None Ir-1 95
Example 2
Comparative H-3 1-3 None Ir-1 30
Example 3

[0267] The spiro(anthracene-9,9'-fluoren)-10-one com-
pounds of the embodiments extended the luminance half life
of'a phosphorescent organic light-emitting device compared
to the compounds of Comparative Examples. This is because
the spiro(anthracene-9,9'-fluoren)-10-one compound having
a spiro structure performed more stably in an excited state.

[0268] The spiro(anthracene-9,9'-fluoren)-10-one com-
pound according to embodiments of the present invention has
high T, energy, a deep LUMO level, and high electron mobil-
ity. When the spiro(anthracene-9,9'-fluoren)-10-one com-
pound is used in an organic light-emitting device, high emis-
sion efficiency and stability resistant to deterioration can be
achieved.

[0269] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
[0270] This application claims the benefit of Japanese
Patent Application No. 2010-158569, filed Jul. 13, 2010,
which is hereby incorporated by reference herein in its
entirety.

1. A spiro(anthracene-9,9'-fluoren)-10-one compound rep-
resented by general formula [1]:

[Chem. 1]
(1]
(€]
Ary Ary
Arg "Ary

820

where Ar; and Ar, each independently denote a hydrogen
atom, a phenyl group, a biphenyl group, a terphenyl group, a
dimethylfluorenyl group, a triphenylene group, a dibenzofu-
ran group, or a dibenzothiophene group, one of Ar, and Ar,
denoting a hydrogen atom, and Ar; and Ar, each indepen-
dently denote a hydrogen atom, a phenyl group, a biphenyl
group, a terphenyl group, a dimethylfluorenyl group, a triph-
enylene group, a dibenzofuran group, or a dibenzothiophene
group, one of Ar; and Ar, denoting a hydrogen atom.

2. An organic light-emitting device comprising:
an anode;
a cathode; and
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afirst organic compound layer disposed between the anode
and the cathode, the organic compound layer containing
the spiro(anthracene-9,9'-fluoren)-10-one compound
according to claim 1.

3. The organic light-emitting device according to claim 2,

further comprising:

a second organic compound layer that serves as an emis-
sion layer, wherein the first organic compound layer is in
contact with a cathode-side of the second organic com-
pound layer that serves as the emission layer.

4. The organic light-emitting device according to claim 3,
wherein the emission layer contains a host material and a
guest material, the host material including a first host material
and a second host material, and the second host material is the
spiro(anthracene-9,9'-fluoren)-10-one compound.

5. The organic light-emitting device according to claim 4,
wherein the guest material is a phosphorescent material.

6. The organic light-emitting device according to claim 5,
wherein the phosphorescent material is an iridium complex.

7. The organic light-emitting device according to claim 3,
wherein the organic light-emitting device emits green light.

8. An image display apparatus comprising:

the organic light-emitting device according to claim 2; and

a switching device connected to the organic light-emitting
device.



